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LOU-DISCREPANCYPOINT SETS IN TRANSPORT CODES

Tony T. Harnock
Cray Res~a-ch, Inc.

Los Alamos National Laboratory
Los B.lames, ?!M ‘“/545

ABSTRACT

A drawback to Monte Carlo methods of computation is its rate of convergence.
Thwe are methods of’ samplifig thfi:. have a better errc- cstin;:~~. th,,n thcso uc.;n~
random numbers. This paper gives the result of some preliminary experiments
with t.hes( sw,pl Ir?g methods on twc neutror t.rcnsport. prrt:l(:ms.
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W-DISCREPANCY POINT SETS IN TRANSPORT CODES

method is useful in solving a variety of problems such as:
the evaluation of multiple integrals, ttx solution of’ linear equat ions, the
simulation of particle transport, and the simulation of thermodynamical
systems. The only drawb=ck to Ponze Carlo comput=! ions is its rather slow r,?!.
of convergence, that is, the estimated error depends on I/SORT(N) where N is
the number of trials maae.

Thera arc mezhods or sampling which h ve a ~e~t.-r error eStj~;tf.l Tkcsc
methods have been used for multidimensional integrational, but they hav~ not
rcund murh application in other areas. This paper gives the results of scmc
experiments with these sampling methods on neutron transport problems.

One mscsurr of th~’ sampling effirirnry of a SC: of pcints is
FiR. !. il~ustratcs the ic!P? ir twc d!rensicm. The ]oca]

point (x,Y) in the unit square is given by the expression:

lz(x,y) - v(x,y)z~ - Xy

thr discr: p:’rlcy.

discrepancy Or a

where

V!x,y) - r.t,f: num%’ .’ of pcir?ts infiic; Ihe rer”anc!,’ rx?~~cin~
f’rom the orlgln to the point (x,y).
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out much overheed, hcuever. A verslor of the cod’ MNCP2 wes u~-~ with ~h~

source dlatributions generated with quasi-random sequences. Two problems were
run as a computational experiment.

TEe first problem is shown in Fig. 7. It is a bent conr!retfi pipe with a 14
P!eV isotropic neutron source in one end. The quant.ty measured was the flux
througt? the other en~. On this problem, not much dif?er’nce could bf se~n
between the runs ui?h a random nunber generator and those with the quasi-rar?-
dom sequences. Figures 5-10 show plots of the mean, r~latlve error, are fiu-
ure-of-merit vs the n=ber of particles run using a random number generator.
(thF figure-of-merit is defined to be the recip~oc:l Of th~ s~mp!e vari”.n?(

times the time used. For a truly random process, this number should be con-
stant.) Tnc corresponding graphs arc shown ~cr tuo Ciff(,rcnt qu”,s!-r::ncio?
sequences used for source sampling in Figs. 11-16. There is net much dlf-
fcrt.ree ameng thl’ graphs at l=ast showing that the qu?si-ran:o~ sracenr~s dc
no~ cause trouble with a wrll-behaved problem.

The srccnd problem is shown i~ Fig. ‘7. The ob.jer?. is a top-h;:t SF!ZIWC s~rucl-

ture of concrete. The (not v~ry realistic) densities are iO gtcc and 20 gicc
in the botto~ and top c~nt?al Cy!lnF@ps, r~spec:ively. TP.~ first 10k- r rir:~:

ha9 a density of .5 glee and the outer rlnfl 2 glee. The upper cylinder is
ringed by a vcid. A lI! ~~v ~~c:ropic neut~@~m gour~p is pl~~~~ at th. ~~:-~~

of the object and the flux through the top central surface is measured.

Figu~~ lR shows tRe m(?n flux throuph thp top Cylindf- p:ct!ed v: tk(
number of particles usln~ a rmdom number genera~or for’ thr sourer saRplinF.
~hrn &,00c ptir!icles were rurl, t!?~ rc~m brFar rc Inc-cns. “o about 17:? c!

its apparently stable value. The plot of est.iraLeC error, Fig. 19, shows
the error sucdcnly Mubl in[:. Tpc fig~rl’-cir-ml’r]t p:r! in l’-i~. @ is fv(’r
more striking, showing a collapse in reliability around 70,000 particles.

Usir,r one or th~ quasi-rnf,om Sequ(’nets, Firr. 21-: : w“r,. cb’:lin+’d. T~. :Ic;-
lapse in the figure-of-merit happens about 20,CO0 points (Fig. 23.! It
SCp~g t~at. w%t.ever caus~cl the instability of t.hj) problcfr was expcsr.! rr~’!l
sooner by usinR the quasi-random potnts. The relative error seems better thiip’

thi’? uslnl? th~ random nurrb~r g~nf’rato~” but t.E” sm;!l: ~igur(-of-me-lt !rc:f’a!’s
that nclther result Is extremely rellabl~.

AnotE~r quasi-random s~qumncr uas trird giving th$ rrsu!ts SPOKT In FiF5.
24-26. The sequence has sorer well-known st.ructur~ and this 1s rcflect~a 1!:
thr. results. !:till , thf’ co!l,mpsr cf th! TIFIJ:”P- o~-merit t>rpers :!rpurlc , C,(?L!C

particles rather than around ?0,000 as with the random sequur~.’v.

On th~ b’s!s of thl-se expt-lm!’nts, it se~ms th;lt using quzsl-r:ndcm srciurroc(s

do not introduce any new problems intc tral)sport computations; however, they
can bc us~ful In guarr!lng against. “b;!d luck” ;1s In tht s~cc~nd problwn.
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The first sequence usec! is d~fir:ed by taking the Nth point as the fractional
part of N*SQRT(2) for the X coordinate and the fractional prt of N~SQRT(3)
for the Y coordinate.

The second sequence i~ based on the H=lton sequence.: Some modifications
bascti on the ideas of. For a prime P, define S(D) to be the near~st ifi:e-
ger to P times the fractional part of SQRT(P). The NtF term of the seql~ence

Fiven by the prescription:

1. Write N in base P.

c. F?cve?se the P-ary djgits.

3. Multiply each digit (modulo P) by S(P).

4. Treat the result as a base P fraction.
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